We report progress towards optimisation of artificial magnetic domain structures for efficient spin transfer torque domain wall (DW) motion. Co/Pt multilayer samples have been sputtered on (100) Si/SiO 2 substrates and perpendicular magnetic anisotropy confirmed using polar magneto-optical Kerr effect (MOKE) measurements. The influence of the thickness of Co and Pt layers on the coercivity and switching behaviour was systematically investigated and the conditions established for realising well-suited structures with medium coercivity (~100 Oe) and sharp switching fields. Optimised Co/Pt multilayer films have been lithographically patterned into nanowire devices for time-resolved extraordinary Hall effect (EHE) measurements. Our devices are based on 50  coplanar waveguides incorporating single and double Hall cross structures. The coercivity of the region surrounding the Co/Pt Hall crosses was reduced by local focussed ion beam (FIB) irradiation allowing the controlled nucleation of domain walls at the edges of these regions by application of an appropriate field sequence.
I. INTRODUCTION
Continued rapid advances in information technology are driving an increasing need to develop new forms of non-volatile magnetic memory devices. Spintronics is an emerging technology that exploits both the charge and the spin magnetic moment of electrons. Recent efforts to generate and utilize spin polarised currents to control domain wall dynamics in ferromagnetic structures have led to several breakthroughs [1] . However, the current densities required to achieve spin transfer torque (STT) wall motion [2] [3] [4] [5] [6] are currently still too high (1-5x10 8 A/cm 2 ) for practical applications. We have recently developed and investigated "artificial domain structures" based on the local focused ion beam (FIB) irradiation of magnetic multilayer structures with perpendicular magnetic anisotropy [7] [8] [9] . This approach allows us to define nanoscale ferromagnetic domains of arbitrary shape with controllable anisotropy and coercive fields. We are now exploring implementation of artificial magnetic domains to optimise structures for STT domain wall motion. Not only do these eliminate the need for an additional field pulse to nucleate a domain wall, but the ability to tune the local magnetic anisotropy represents an additional control parameter that can be used to reduce critical current densities.
The use of FIB irradiation is a well established technique (10) for controlling the magnetic properties of systems with perpendicular magnetic anisotropy (PMA). In earlier work we have studied PMA in Pt/Co/Pt trilayers, with Co thickness less than 1nm [8] . The strength of PMA in these structures is influenced by the interface roughness, strain and the intermixing at the Co-Pt interfaces [11] [12] [13] . Ga + FIB irradiation tends to relax the strain at interfaces, resulting in a reduction of the film coercivity [14] . In this way artificial domains can be realised formed from adjacent regions with very similar magnetisation but different coercive fields, presenting a novel opportunity to reduce the current density for STT DW motion.
II. EXPERIMENTAL METHOD
Pt(1.8nm)/Co(0.45nm)/Pt(3nm) thin films were grown using magnetron sputtering onto Si/SiO 2 (90nm) substrates (Fig 1) . The base pressure of the sputtering system was 1.410 -7 mTorr and the Ar pressure during sputtering was 2.5 mTorr. Good PMA was realised in Pt /Co/Pt multilayer stacks with Co thicknesses ranging from 0.3 -0.7 nm (Fig 2) . Upon increasing the Co thickness further the magnetization reverts to the in-plane direction.
5mm5mm chips were diced from larger pieces of wafer and patterned into 2m wide Hall cross structures using optical lithography and Ar-ion milling. Cr/Au contacts, designed to form a 50Ω coplanar waveguide structure, were defined by evaporation and lift-off (Fig 3) .
The top Pt layer is very thin making the structure extremely sensitive to irradiation and a 4nm
of Si film was deposited on the top of the Hall Cross and oxidised in air to act as a suppression layer reducing the energy and dose levels of the FIB Ga + ions when they reach the Co/Pt interfaces.
A low frequency EHE setup, with current and voltage leads connected to a single Hall cross, was constructed to characterise the magnetotransport properties of completed structures. The device is placed inside a cylindrical coil connected to a regulated bipolar power supply to generate controlled magnetic field cycles with the field normal to the plane of the sample.
The Hall cross is driven with a constant (32Hz) ac current in the range 1-7A from a function generator and the Hall voltage signal obtained is detected using a lock-in amplifier. The entire experiment is controlled with LabView allowing arbitrarily complex field histories to be explored. The measured magnetotransport data have been compared with independent high sensitivity polar MOKE measurements with a laser beam diameter of approximately 5m and a 27Hz oscillating magnetic field. Polar MOKE measurements also allow the ready application of dc and pulsed transport currents to study the influence of an additional STT.
True time-of-flight EHE measurements are possible by modifying our low frequency magnetotransport apparatus as shown in Figure 4 . A fast pulse generator is used to drive current through the sample and the Hall voltage pulse detected using a differential probe into a 6GHz digital signal analyser. A quasi-static magnetic field is used to nucleate DWs prior to the application of the current pulse, elegantly separating the generation and motion of DWs.
III. RESULTS & DICSUSSION
Following the experimental method described above we have fabricated linear arrays of five 2mx2m Hall crosses on a 3.75x3.75mm chip, for calibrating the Ga + dose-dependence of the magnetic properties of our multilayers. 
IV. CONCLUSION
Co/Pt multilayer films have been grown using magnetron sputtering and strong PMA achieved for small Co thicknesses. Optimised Hall effect structures comprising Pt/Co/Pt trilayers were micropatterned on 5mm and 3.75mm chips using optical lithographic techniques and artificial magnetic domains realised using Ga + FIB irradiation. The use of FIB irradiation allows us to precisely control the local coercivity and anisotropy of the domains.
Low frequency EHE measurements were used to characterise the magnetic properties of unirradiated and irradiated samples, allowing us to calibrate the FIB irradiation dose required to realise optimised structures for STT experiments. The same structures were also investigated with polar MOKE, allowing the influence of additional dc currents to be studied.
These preliminary MOKE results suggest the existence of a current-driven STT that breaks the symmetry of the magnetic hysteresis curves. A time-resolved EHE measurement setup has also been designed and built to measure the transient Hall voltage due to the application of current pulses in static magnetic fields. This will be used in the near future to investigate the real-time motion of DWs in our structures.
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